The composition and nematicidal activity of the essential oils from the leaves of native and six cultivated varieties of P. microphyllus are reported. Twenty-nine compounds were identified (86.2% sesquiterpenes and 13.8% aliphatic ketones) of which (E)-caryophyllene, germacrene-D, caryophyllene oxide, 2-tridecanone, and 1-hydroxy-2-tridecanone were found in all of the analyzed oils. The nematicidal activity of all the oils was evaluated against the second-stage juvenile nematode Meloidogyne incognita. Essential oils from native P. microphyllus and varieties Xingu and Linha V showed high nematicidal activity, while no activity was found for the other oils. This result was associated with the high concentrations of both 2-tridecanone and 1-hydroxy-2-tridecanone in the active oils. Both ketones were isolated from one of the active oils and showed 100% activity at 1000 ppm concentration.
is commonly known as "jaborandi" and "Jaborandi do Maranhão". This species is economically important due to the extraction of the alkaloid pilocarpine, a medicine used globally in the control of glaucoma [6] . The chemical composition of the essential oils from Pilocarpus species, including P. microphyllus, has been reported in the literature [7] [8] [9] [10] [11] . Most oils show the presence of aliphatic ketones and 2-tridecanone is found as a major constituent. Herein we report the first demonstration of the nematicidal activity of the essential oils from native P. microphyllus and six cultivated varieties of this species. var. Linha V (V-5) provided the highest yield (0.71%) and both Faisa Prateado (V-1) and Sítio Aguaí (V-3) yielded the lowest amount (0.02%) of oil ( Table 1 ). The chemical composition and the relative amounts of the seven essential oils from P. microphyllus (native and cultivated) are displayed in Table 1 . A total of 29 compounds were identified, which comprised 86.2% sesquiterpenes and 13.8% aliphatic ketones. Among them, only (E)-caryophyllene, germacrene-D, caryophyllene oxide, 2-tridecanone, and 1-hydroxy-2-tridecanone were found in all of the analyzed oils. The lack of monoterpenes in the essential oils from P. microphyllus was also observed by Taveira [11] . The sesquiterpenes β-elemene, δ-cadinene, and germacrene B were absent only in oil V-4. The oils of V-3 and V-4 showed the highest (twenty) and lowest (eight) number of volatile constituents, respectively. Among the aliphatic ketones (2-undecanone, 2-tridecanone, 2-pentadecanone, and 1-hydroxy-2-tridecanone) present in the oils, only 1-hydroxy-2-tridecanone has not been previously listed as a component of the essential oil from Pilocarpus species. However, 2-nonanone, identified previously in the essential oils of P. microphyllus, P. spicatus, and P. racemosus [10] , was not present in all of the analyzed oils. High concentrations of (E)-caryophyllene, germacrene-D, and 2-tridecanone were found in most of the oils. For the essential oil from the variety Faísa prateado (V-1), it was possible to identify germacrene-D, 2-tridecanone and α-bisabolol as major compounds, the latter being present only in this oil. The oil from variety Faísa verde infested with nematodes (V-2a) showed (E)-caryophyllene, germacrene-D, 2-tridecanone, and 1-hydroxy-2-tridecanone as major constituents, while for the oil from the same variety which was not infested (V-2b), (E)-caryophyllene, germacrene-B, and β-elemene were found. The major compounds of the essential oil of V-3 were (E)-caryophyllene and germacrene-D. High concentrations of 2-tridecanone and 1-hydroxy-2-tridecanone were observed in the oils from the native species (N) and the varieties Xingu (V-4) and Linha V (V-5).
The presence of 2-tridecanone and 2-pentadecanone as major compounds of the essential oil of P. microphyllus was previously reported [11] . Although the first ketone was identified in all of the oils, being one of the major constituents of most of them, 2-pentadecanone was found only in five of the oils, and in low concentrations. On the other hand, 1-hydroxy-2-tridecanone was identified in all of the oils and in a high concentration in three of them. This is the first report of 1-hydroxy-2-tridecanone in these essential oils. Table 2 displays the nematicidal activities of all the tested oils. Those from the native P. microphyllus (N) and varieties Xingu (V-4) and Linha V (V-5) showed high nematicidal activity, while no activity was found for the other oils. The activity found for P. microphyllus var. Linha V (V-5) is in agreement with its high tolerance to the nematode Meloidogyne javanica, observed in cultivation. The most significant difference in the chemical composition of all the tested oils is the high concentration of both 2-tridecanone and 1-hydroxy-2-tridecanone in the active oils. Although most of the inactive oils also showed these two ketones in their composition, none of them presented both compounds in high concentration. These results suggested that 2-tridecanone and 1-hydroxy-2-tridecanone are responsible for the nematicidal activity of the essential oils. The isolation of both ketones from the essential oil V-5 allowed the investigation of their nematicidal activity. Both ketones showed high nematicidal activity (100% at 1000 ppm). These results suggest that the nematicidal activity of the oils is associated with both ketones, present in high concentration. Based on these results, the presence of 2-tridecanone and 1-hydroxy-2-tridecanone in higher concentration in the oil from P. microphyllus var. Faísa verde infested with nematodes (V-2a), when compared to the non-infested sample (V-2b), may be considered a response of the plant to the infection. Isolation and analysis of essential oils: Essential oil extractions from the leaves were carried out by hydrodistillation in triplicate for 2 hours in a Clevenger type apparatus. The obtained oils were dried over anhydrous sodium sulfate, followed by filtration and storage in sealed vials under a nitrogen atmosphere at 4 o C. Identification of the constituents was undertaken in triplicate by using a MS library search with retention indices as a pre-selection routine [12, 13] , followed by visual confirmation from reported standard MS data obtained from the literature [14] . Table 1 shows the chemical composition of the essential oils from P. microphyllus.
Isolation of 2-tridecanone and 1-hydroxy-2tridecanone:
The essential oil (400.0 mg) from the leaves of P. microphyllus var Linha V (V-5) was submitted to chromatography on a silica gel column and elution with increasing polarities of a n-hexane/ethyl acetate mixture to provide 2-tridecanone (102.9 mg) and 1-hydroxy-2tridecanone (129.2 mg) as pure compounds. The structural elucidation of both ketones was accomplished by IR, MS, 1 H and 13 C NMR analyses and comparison with literature data [15, 16] . 
2-Tridecanone

Nematicidal activity:
The bioassay was performed with second-stage juveniles of the nematode Meloidogyne incognita. Egg masses isolated from the roots of the okra plant were maintained in water for 24 hours in Petri dishes for juvenile eclosion. Portions of 50 μL of water containing ca. 100 juveniles were transferred to 1 mL vials followed by the addition of 1 mg of essential oil and H 2 O: DMSO (98:2) solution to complete 1 mL (1000 ppm as final concentration). The nematological vials were maintained in a hood at 28 o C and the inactive nematodes were counted every 24 h over a period of 72 h. The inactive juveniles were kept in distilled water for 24 h to observe their revival. A solution of H 2 O:DMSO (98:2) was used as control and each bioassay was performed four times. The isolated 2-tridecanone and 1-hydroxy-2-tridecanone were also tested following the procedure described above for the essential oils. For 1-hydroxy-2-tridecanone the bioassay was performed using H 2 O: acetone (95:5) solution since it was not soluble in H 2 O:DMSO (98:2) and no effect on the nematodes was found for this solvent system. Table 2 shows the nematicidal activity of the essential oils and both 2-tridecanone and 1-hydroxy-2-tridecanone. The data were submitted to the analysis of variance 1: the one-way classification. Means were compared through Tukey's test with 0.05 as the significance level [17] .
